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Description 

A HYBRID ELECTRIC VEHICLE AND A 
METHOD FOR OPERATING A HYBRID 

ELECTRIC VEHICLE 

Cross Reference to Related Applications 

[0001] This application is a division of U.S. application Serial No. 

09/683,026 filed November 9, 2001. 
Background of Invention 

[0002] 1. Field of the Invention 

[0003] jhe present invention relates generally to a hybrid electric 
vehicle (HEV), and more specifically to a hybrid electric ve- 
hicle which includes and which selectively activates or 
"starts" an internal combustion engine in a certain prede- 
termined manner, effective to allow the generated torque 
to be efficiently communicated to the wheels of the HEV 
while allowing for a smooth overall operation of the vehi- 
cle and concomitantly reducing the amount of hydrocar- 
bon exhaust emissions produced by the vehicle. 



[0004] 2. Background Art 

[0005] The need to reduce fossil fuel consumption and emissions 
in automobiles and other vehicles predominately powered 
by Internal Combustion Engines (ICEs) is well known. Ve- 
hicles powered by electric motors attempt to address 
these needs. Another alternative solution is to combine a 
smaller ICE with electric motors into one vehicle. Such ve- 
hicles combine the advantages of an ICE type vehicle and 
an electric vehicle and are typically called Hybrid Electric 
Vehicles (HEVs). See generally, U.S. Pat. No. 5,343,970 
(Severinsky). 

[0006] The HEV is manifested in a variety of configurations. Many 
HEV patents disclose systems where an operator is re- 
quired to select between electric and internal combustion 
operation. In other configurations, the electric motor 
drives one set of wheels and the ICE drives a different set. 

[0007] other, more useful, configurations have developed. For 
example, a Series Hybrid Electric Vehicle (SHEV) configu- 
ration is a vehicle with an engine (most typically an ICE) 
connected to an electric motor called a generator. The 
generator, in turn, provides electricity to a battery and to 
another motor, called a traction motor. In the SHEV, the 
traction motor is the sole source of wheel torque. There is 



no mechanical connection between the engine and the 
drive wheels. A Parallel Hybrid Electrical Vehicle (PHEV) 
configuration has an engine (most typically an ICE) and an 
electric motor that work together in varying degrees to 
provide the necessary wheel torque to drive the vehicle. 
Additionally, in the PHEV configuration, the motor can be 
used as a generator to charge the battery from the power 
produced by the ICE. 
[0008] A Parallel/Series Hybrid Electric Vehicle (PSHEV) has char- 
acteristics of both PHEV and SHEV configurations and is 
sometimes referred to as a "powersplit" configuration. In 
one of several types of PSHEV configurations, the ICE is 
mechanically coupled to two electric motors in a planetary 
gear-set transaxle. A first electric motor, the generator, is 
connected to a sun gear. The ICE is connected to a carrier. 
A second electric motor, a traction motor, is connected to 
a ring (output) gear via additional gearing in a transaxle. 
Torque from the ICE can power the generator to charge 
the battery. The generator can also contribute to the nec- 
essary wheel (output shaft) torque if the system has a 
one-way clutch. The traction motor is used to contribute 
wheel torque and to recover braking energy to charge the 
battery. In this configuration, the generator can selectively 



provide a continuous variable transmission (CVT) effect. 

Further, the HEV presents an opportunity to better control 

engine idle speed over conventional vehicles by using the 

generator to control engine speed. 

[0009] The desirability of combining an ICE with electric motors 

is clear. There is great potential for reducing vehicle fuel 

consumption and emissions with no appreciable loss of 

vehicle performance or drive-ability. The HEV allows the 

use of smaller engines, regenerative braking, electric 

boost, and even operating the vehicle with the engine 

shutdown. 
Summary of Invention 

[0010] it is a first non-limiting advantage of the present inven- 
tion to provide a hybrid electric vehicle (HEV) having some 
or all of the improvements which are delineated above. It 
is a second non-limiting advantage of the present inven- 
tion to provide a method for operating a HEV which allows 
for some or all of the previously delineated improvements 
to be achieved. 

[° 011 ] It is a second non-limiting advantage of the present in- 
vention to provide a method for operating a HEV which al- 
lows for some or all of the previously delineated improve- 
ments to be achieved. 



[0012] According to a first aspect of the present invention, a hy- 
brid electric vehicle is provided having an internal com- 
bustion engine which produces hydrocarbon exhaust 
emissions and which is activated only after a portion of 
the internal combustion engine is rotated to a certain 
speed, thereby reducing the amount of the hydrocarbon 
emissions produced by the internal combustion engine. 

[0013] According to a second aspect of the present invention, a 
method for operating a hybrid electric vehicle of the type 
having a selectively activated internal combustion engine 
is provided. The method includes the steps of rotating the 
internal combustion engine to a certain speed; and caus- 
ing combustion to occur within the internal combustion 
engine only after the certain speed has been attained. 

[0014] These and other features, aspects, and advantages of the 
present invention will become more apparent to persons 
having ordinary skill in the art to which the present inven- 
tion pertains from the following description taken in con- 
junction with the accompanying drawings. 
Brief Description of Drawings 

[0015] Figure 1 illustrates a general powersplit hybrid electric ve- 
hicle (PSHEV) configuration. 
[0016] Figure 2 is a flow chart that illustrates the HEV operation 



of a hybrid electric vehicle according to the methodology 
of the preferred embodiment of the invention which may 
be referred to as a controlled engine startup routine or 
CESR. 

[0017] Figure 3 is a graph that illustrates the desired "start pro- 
file" of the methodology of the preferred embodiment of 
the invention, in addition to various other undesirable 

"start profiles". 
Detailed Description 

[0018] The present invention relates to electric vehicles and, 

more particularly, hybrid electric vehicles (HEVs). Figure 1 
demonstrates just one possible configuration, specifically 
a parallel/series hybrid electric vehicle (powersplit) con- 
figuration 10. 

[0019] | n a basic HEV 10, a planetary gear set 20 mechanically 

couples a carrier gear 22 to the crankshaft 25 of an inter- 
nal combustion engine 24 via a one way clutch 26. The 
planetary gear set 20 also mechanically couples a sun 
gear 28 to a generator motor 30 and a ring (output) gear 
32. The internal combustion engine 24 is of the type hav- 
ing at least one piston containing cylinder 9 into which a 
mixture of fuel and air is communicated and selectively 
combusted, thereby moving the piston (not shown) and 



causing the crankshaft 25 to rotate, effective to allow 
torque to be produced. More particularly, the engine 24 
further includes a selectively positionable throttle plate 11 
which allows air to enter the at least one cylinder 9, a fuel 
injector 13 which selectively places fuel into the at least 
one cylinder 9, and a spark plug 15 which selectively pro- 
vides electrical energy into the at least one cylinder 9, ef- 
fective to cause the mixture of fuel and air residing within 
the at least one cylinder 9 to be combusted. As should be 
appreciated, each of the various cylinders 9 of the engine 
24 respectively include one such spark plug 15 and a fuel 
injector 13 and the various spark plugs 15 may be effec- 
tively energized according to a desired pattern or order. 
The fuel may be delivered from the various fuel injectors 
13 according to a desired pattern or order. The engine 24 
is typically coupled to a catalytic converter 7 which re- 
ceives and processes the emissions emanating from the 
engine 24. 

[0020] The generator motor 30 mechanically links to a generator 
brake 34 and is electrically linked to a battery 36. A trac- 
tion motor 38 is mechanically coupled to the ring gear 32 
of the planetary gear set 20 via a second gear set 40, is 
electrically linked to the battery 36, and is coupled to the 



generator 30. The ring gear 32 of the planetary gear set 
20 and the traction motor 38 are mechanically coupled to 
drive wheels 42 via an output shaft 44 and the gear set 
40. 

[0021] The planetary gear set 20 splits the output energy of en- 
gine 24 into a series path from the engine 24 to the gen- 
erator motor 30 and a parallel path from the engine 24 to 
the drive wheels 42. The speed of engine 24 can be con- 
trolled by varying the split to the series path while main- 
taining the mechanical connection through the parallel 
path. The traction motor 38 augments the power of en- 
gine 24 to the drive wheels 42 on the parallel path 
through the second gear set 40. The traction motor 38 
also provides the opportunity to use energy directly from 
the series path, essentially running off power created by 
the generator motor 30. This reduces losses associated 
with converting the chemical energy in the battery 36 into 
electrical energy and allowing all energy produced by en- 
gine 24, minus conversion losses, to reach the drive 
wheels 42. 

[0022] a vehicle system controller (VSC) 46 controls many com- 
ponents in this HEV configuration by connecting to vari- 
ous controllers which operate some or all of the foregoing 



components. The engine control unit (ECU) 48 connects to 
the engine 24 (such as to the spark plugs 15, throttle 
plate 11, and fuel injectors 13), via a hardwire interface. 
The ECU 48 and VSC 46 may be manifested in the same 
unit, but are actually, in the preferred embodiment of the 
invention, separate controllers. The VSC 46 communicates 
with the ECU 48, as well as a battery control unit (BCU) 50 
and a transaxle management unit (TMU) 52 through a 
communication network such as a controller area network 
(CAN) 54. The BCU 50 connects to the battery 36 via a 
hardwire interface. The TMU 52 controls the generator 
motor 30 and traction motor 38 via a hardwire interface. 
Further, the HEV 10 includes a speed sensor 27 which 
senses the speed of the crankshaft 25 and which commu- 
nicates this information to the ECU 48. Another sensor 
(not shown) may monitor the temperature of the air that is 
inducted into the engine 24 and provide this information 
to the ECU 48. 

[0023] | n one non-limiting embodiment of the invention, con- 
trollers 46, 48, and 52 may be replaced by a single con- 
troller which operates under stored program control and 
this single controller may perform the operations of the 
controlled engine startup routine which is shown byway 



of example and without limitation within Figure 2. Alter- 
natively, the controlled engine startup routine, which is 
described in greater detail below, may be cooperatively 
performed by all or some of the controllers 46, 48, and 
52. 

[0024] Further, at the outset, it should be realized that in order 
to achieve a relatively smooth activation or start of the in- 
ternal combustion engine 24 (i.e., a start or activation 
which minimizes the amount of noise, vibration or "harsh- 
ness" (NVH) which is generated in the vehicle body or 
powertrain components and/or communicated to the pas- 
sengers and/or operator of the vehicle) with a concomi- 
tant reduction of undesirable hydrocarbon emissions, and 
a smooth transfer of torque from the engine 24 to the 
wheels 42, it is very desirable to allow combustion to oc- 
cur within the internal combustion engine 24 only after 
the crankshaft 25 of the engine 24 has been rotated to 
some predetermined speed. Further, it is also highly de- 
sirable in the most preferred embodiment of the inven- 
tion, that this non-combustion generated rotational target 
speed be achieved by increasing the speed of the 
crankshaft 25 in a ramped manner. The term ramped, as 
used in this description, means a condition in which the 



speed of the crankshaft 25 (or other portion of the vehicle 
10) increases by a substantially identical amount during 
each substantially identical interval of time during a pre- 
combustion or prestart period. 
[0025] The term speed profile or "starting profile", as used within 
this Application, means the relationship between the rota- 
tional speed of the engine 24 (e.g., the rotational speed of 
the crankshaft 25) during the precombustion or prestart 
period (i.e., during a time period which begins when com- 
bustion is requested (e.g., the ignition key is activated) 
and which ends when combustion occurs within the en- 
gine 24 or it is determined that the engine 24 cannot be 
sufficiently spun in order to allow combustion to occur). 
For example, as is shown in graph 90 of Figure 3, this 
time period is defined by a first time or point 93 (or just 
prior to this point 93) at which the engine 24 is initially 
ordered or commanded to commence rotating (i.e., when 
the ignition is turned), and a second time 105 at which 
the target speed 95 or the maximum attainable non- 
combustion speed 95 is achieved. Thus, in the most pre- 
ferred starting methodology of the invention, the internal 
combustion engine 24 is activated or started according to 
the ramped profile 114. Other less desirable starting pro- 



files, such as shown by profiles 110, 112 may occur if the 
generator 30 or the battery 36 cannot provide the torque 
necessary to spin or rotate the crankshaft 25 of the en- 
gine 24 to the target speed 95. Moreover, as is discussed 
in greater detail below, if the desired starting profile 114 
is achieved and the appropriate engine 24 speed is 
reached, then appropriate control of the fuel injectors 13 
(e.g., control of the amount of delivered fuel, and control 
of the activation sequencing of the injectors 13), throttle 
plate 11, and spark plug 15 firing sequencing further al- 
lows hydrocarbon emissions to be reduced and a smooth 
transfer or communication of torque to the powertrain to 
occur. The combination of the use of desired starting en- 
gine speed profile 114 together with the previously de- 
scribed control and sequencing of the engine actuators 
(fuel injectors 13, throttle plate 11, and spark plugs 15) 
provides optimal benefit. However, the use of the ramped 
starting profile 114 alone provides substantial reductions 
in NVH, hydrocarbon emissions, and increased torque 
transfer efficiency to the wheels 42. Hence, the "ramped 
profile" may advantageously be used separate and apart 
from the control and sequencing of the injectors 13, 
throttle plate 11, and spark plugs 15 which is more fully 



described below. These profiles 110, 112, and 114 are 
also more fully described below. 

[0026] As shown best in graph 90 of Figure 3, each of the start- 
ing profile curves 110, 112, and 114 begin at a time or 
just before a time 93 at which the engine 24 is initially or- 
dered or commanded to commence rotating. Curve 114 
represents the "ideal profile" where the generator 30 spins 
the engine 24 to the target speed 95 (e.g., such as a 
speed greater than or equal to about 1000 revolutions per 
minute) during the pre-start time period which begins at 
point 93 and ends at point 105 and before the engine 24 
(e.g., the injectors 13) is/are activated to begin creating 
combustion torque. The duration of the pre-start time pe- 
riod may vary depending upon the type of vehicle that the 
methodology of the preferred embodiment of the inven- 
tion is used within. For example, this time period may be 
less than about thirty seconds, although other periods 
may be utilized or realized. 

[0027] Curve 112 represents a starting profile in which the elec- 
trical components (e.g., the generator 30 and/or battery 
36) are not able to spin the engine 24 to the target speed 
95, but only allow the engine 24 (i.e., the crankshaft 25) 
to achieve a minimal speed required to allow combustion 



to occur. In this case, the controlled engine startup rou- 
tine will detect this undesired profile, enable or selectively 
activate the injectors 13 and spark plugs 15, and thereby 
assist the engine 24 to increase its speed and to create 
combustion torque in a partially ramped manner (e.g., 
profile 112 is of a ramped form until the speed 97 is ob- 
tained). As shown in Figure 3, this activation point 107 
occurs much earlier than the ideal activation point 105 
(i.e., where the desired engine speed is achieved) in the 
pre-start period. 

[0028] Curve 110 represents a starting profile in which the elec- 
trical components (generator 30 and/or battery 36) are 
not only unable to spin the engine 24 to the target speed, 
but are also unable to spin the engine 24 (i.e., the 
crankshaft 25) to the minimum speed required for com- 
bustion to occur. In this case, the engine 24 cannot be 
started at all, and therefore the injectors 13 and spark 
plugs 15 are not activated. 

[0029] These profiles 110, 112, 114 are more fully explained be- 
low with reference to the operational methodology of the 
preferred embodiment of the invention. However, at the 
outset, it should be noted here that future reference in the 
description of this methodology to the turning on or en- 



abling of the fuel injectors 13 is intended to imply that the 
enablement of injector 13 may be accomplished by having 
one or more of the injectors 13 be concomitantly acti- 
vated, or by activating all of the fuel injectors 13 at sub- 
stantially the same time. In addition, future reference in 
this description to the control of the position of throttle 
plate 11 is intended to imply the use of an electronic 
throttle control (ETC) system, the control for which reside 
in the ECU 48. That is, when reference is made to the po- 
sitioning of the throttle plate 11 during an activation of 
the engine 24, it should be realized that this may be ac- 
complished in one of two ways. One way is by scheduling 
an absolute throttle position by the use of calibration 
scalars, functions, or lookup tables in a known manner. 
The other way is by scheduling a desired engine torque if 
a torque based engine control scheme is being imple- 
mented in the ECU 48. In this scheme, a desired torque of 
the engine 24 may be uniquely associated with a desired 
engine airflow which may then be comprised or broken 
down into a desired position of throttle plate 11 required 
to achieve that engine torque and airflow. Such throttle 
position strategies are described within United States 
Patent Number 6,186,124 Bl ("the '124 patent") which is 



fully and completely incorporated herein by reference, 
word for word and paragraph for paragraph. 

[0030] Referring now to Figure 2, there is shown a methodology 
or flow chart 70 that represents the hybrid electric vehicle 
Controlled Engine Startup Routine (CESR) of the most pre- 
ferred embodiment of the invention. In this preferred em- 
bodiment, the CESR 70 is manifested within software 
which is resident within the ECU 48. However, it should be 
appreciated that the CESR may be manifested in firmware 
or a mixture of hardware and software and may wholly or 
partially reside within other controllers. 

[0031] Particularly, CESR 70 begins with an initial step 72 in 

which the ECU 48 initializes all of the variables used in the 
CESR 70 to respective initial values that allow these vari- 
ables to be used to perform the methodology set forth 
below. 

[0032] | n ste p 74 j which follows step 72, the ECU 48 (e.g., the 
CESR software residing within the ECU 48) receives a re- 
quest from the VSC 46 to start the engine 24. The VSC 46 
determines the need to start the engine 24 based on 
driver input signals or conditions, such as the position of 
the ignition key, the accelerator pedal position, and vehi- 
cle speed. In the most preferred embodiment of the in- 



vention and regardless of the reason or the need to start 
or activate the engine 24, in this methodology 70, the VSC 
46 is not allowed to command the TMU 52 (and thus the 
generator 30) to begin spinning the engine 24 (i.e., to be- 
gin spinning the crankshaft 25) until the ECU 48 performs 
some self-checks or diagnostics and then returns an ac- 
knowledgment signal back to the VSC 46 that indicates 
that the VSC 46 may proceed to spin the engine 24 (i.e., 
to spin the crankshaft 25). 

[0033] | n s tep 76, the CESR 70 performs some self-checks or di- 
agnostics to ensure that the software is ready to execute 
the engine starting process. This includes, but is not lim- 
ited to, such tasks as alerting other engine control soft- 
ware routines to be prepared to start the engine 24 (e.g., 
alerting the injector enabling routine, spark timing control 
routine, fuel delivery control routine, and the throttle 
plate control routine). It should be noted that these rou- 
tines may reside or be performed within the CESR 70 or 
outside of the CESR software or logic 70, but within the 
ECU 48. These diagnostics also include determining 
whether any hardware fault exists within the engine 24. 

[0034] |f step 75 j S not successful, the CESR process 70 proceeds 
to step 99 which comprises a fault state indicative of the 



fact that the engine 24 is not capable of being started. A 
fault indication signal may also be provided. Step 99 is 
followed by step 101 in which the CESR process 70 is 
ended. 

[0035] |f s tep 76 is successful, the CESR 70 logic or process pro- 
ceeds to step 78 where the ECU 48 sends the acknowl- 
edgment signal to the VSC 46 that the ECU 48 is now 
ready to start the engine 24 once the appropriate target 
speed of engine 24 has been achieved. Further, the VSC 
46 commands the TMU 52 to spin the generator 30 (and 
thus the engine 24, since they are mechanically coupled 
by the use of the planetary gearset 20) to a target engine 
24 speed in a controlled and ramped manner. 

[0036] step 80 follows step 78 and, in this step 80, the CESR 
process 70 monitors the actual speed of the engine 24 
(i.e., the speed of the crankshaft 25) resulting from the 
spinning of the generator 30 (e.g., by use of speed sensor 
27). Steps 82 and 86 both follow step 80 in which two dif- 
ferent checks or measurements of the engine speed are 
made. 

[0037] The first check, in step 82, determines whether the engine 
speed has at least reached the minimum engine speed 
that is required to sustain "legitimate" engine combustion. 



This minimum engine speed that defines the point of "le- 
gitimate" combustion may comprise a calibratable thresh- 
old that is a function of, but is not limited to, the temper- 
ature of the engine 24 or the temperature of the air being 
introduced into the engine 24. If this speed is achieved, 
then the engine 24 is considered to be activatable and the 
ignition system is enabled in step 84, thereby allowing the 
spark plugs 15 to fire according to a spark timing control 
routine. Step 82 is continuously performed by the process 
70 in order to determine if the engine speed is high 
enough to fire or activate the spark plugs 15 until the 
CESR 70 logic is stopped. 
[0038] The other check or determination of engine speed occurs 
in step 86, which is concurrently executed with step 82. 
Particularly, the CESR logic or software 70, in this step 86, 
determines if the speed profile of engine 24 is "ideal". 
This check or determination is used in fixing or setting 
the time that the fuel injectors 13 will be turned on or ac- 
tivated in order to allow combustion to occur within the 
engine 24. Specifically, the CESR process 70 monitors the 
speed profile of the engine 24 and compares it to a pre- 
determined and ideal speed profile, such as profile 114 
shown by graph 90 of Figure 3, in order to determine 



whether the ideal profile 114 is being accomplished. 
[0039] The method of monitoring the speed profile of engine 24 
may be accomplished in many ways in the CESR logic 70. 
One way is to calculate the rate of change of the engine 
speed (i.e., the speed of the crankshaft 25) over one or 
more predetermined intervals of time and then comparing 
these measurements to a calibratable rate of change as- 
sociated with an ideal engine speed profile 114 (e.g., by 
respectively comparing these rate of changes to the slope 
of curve 114). If the monitored engine speed rate of 
change is less than the calibratable ideal rate of change, 
during an interval of time, the CESR logic 70 ascertains 
that the ramped profile 114 has not and cannot occur due 
to some form of power limitation in the system (e.g., the 
generator 30 cannot spin the crankshaft 25 to the requi- 
site speed). 

[0040] Alternatively, the CESR logic 70 may use a predetermined 
ideal or desired engine speed profile that is characterized 
by a calibratable function which is variable over time. For 
example, the profile 114 may be expressed as a mathe- 
matical function of speed and time and provides a certain 
speed value at a certain point in time within the pre-start 
time interval. The measured speed profile of engine 24, at 



a certain point within the pre-start interval, is then com- 
pared, in real time, to the expected or ideal speed. If the 
measured speed of engine 24 falls below a calibratable 
amount from the expected speed characterized by and/or 
provided by the function, then the CESR logic 70 ascer- 
tains that the ramped profile 114 has not and cannot oc- 
cur due to some form of power limitations in the vehicle 
12. 

[0041] if the profile is found acceptable, within step 86, then step 
86 is followed by step 88 in which the CESR 70 determines 
whether the engine speed is greater than a calibratable 
threshold necessary to turn on or activate the fuel injec- 
tors 13. This calibratable threshold may be a function of 
engine temperature, battery current, battery voltage, or 
battery temperature. The threshold may also be either an 
absolute engine speed or it may comprise a certain speed 
below the desired target engine speed that is being com- 
manded by the VSC 46. For example and without limita- 
tion, if the target engine speed for a particular engine 24 
is about 1000 rpm, then the injectors 13 could be turned 
on or activated at a speed which differs from the target 
speed by about 100 rpm (e.g., a speed of about 900 rpm). 
This calibratable threshold of engine speed is used for 



ideal engine speed profiles only within the CESR 70 logic. 
[0042] when this engine speed threshold is reached, the CESR 

logic 70 moves from step 88 to step 90 where the fuel in- 
jector enabling routine, the fuel delivery control routine, 
the spark timing control routine, and the throttle plate 
control routines are enabled in order to deliver the proper 
(calibratable) fuel amount, spark timing, and throttle plate 
position. At the same time, a flag is set indicating that a 
normal engine start event has occurred (i.e., the engine 
starting process has desirably followed an ideal profile). In 
addition, unique calibration variables (e.g., scalar, func- 
tions, and/or lookup tables) may be used to schedule the 
fuel amount, spark timing, and throttle plate position for 
the purpose of starting the engine combustion process 
while substantially minimizing exhaust emissions. For ex- 
ample, as described within United States Patent Number 
Re. 36,737 ("the 737 patent") which is fully and com- 
pletely incorporated herein by reference, word for word 
and paragraph for paragraph, combustion occurs in the 
first engine cycle by injecting a quantity of fuel in the 
combustion chambers which results in an air/fuel ratio 
being substantially identical to a stoichiometric ratio. In 
order to achieve a stoichiometric air/fuel ratio, the 



amount of fuel actually injected into the combustion 
chambers is greater than the amount required to a achieve 
a stoichiometric air/fuel ratio in the gases, in order to ac- 
count for combustion chamber wetting effects, which are 
more pronounced when the surface of the combustion 
chambers are cold, thus preventing effective vaporization 
of the fuel which impacts the surface of the combustion 
chambers. Spark timing in the first engine cycle may be 
preferably empirically determined to provide the greatest 
probability for combustion of the air/fuel mixture and the 
spark timing may be approximately ten degrees before 
Top Dead Center (TDC) in the compression stroke in order 
to achieve desired combustion. Other strategies may be 
employed. 

[0043] step 86 is followed by step 92 if the engine 24 has not 

reached the required speed at which to turn on the injec- 
tors 13. That is, either the speed profile will be deemed 
acceptable and the engine speed will reach the threshold 
at which to turn on the injectors 13, or the starting speed 
profile of engine 24 will be detected as abnormal and the 
CESR logic 70 will utilize an alternative technique or ap- 
proach to activate the fuel injectors 13, and then move to 
step 92. Hence, step 92 occurs only if the ideal engine 



speed profile 114, during the spin up process, was not 
met and an abnormal engine start up process is required 
to be activated. Step 92 therefore comprises the first step 
in this alternative process for starting the engine 24 in 
this abnormal or undesired manner. 

[0044] | n step 92 j the engine speed is once again compared to 
the minimum engine speed 97 that is required to sustain 
"legitimate" engine combustion. If, in step 92, the mea- 
sured engine speed is below the calibratable threshold 
speed 97 that defines the minimum engine speed re- 
quired for engine combustion, then the engine 24 is con- 
sidered to be not activatable and the CESR logic 70 pro- 
ceeds to step 99. 

[0045] j n s tep 92, the measured engine speed is greater than 
the calibratable threshold 97 that defines the minimum 
speed required for engine combustion, then the CESR 
logic or process 70 proceeds to step 94 where the fuel in- 
jector enabling routine, the fuel delivery control routine, 
the spark timing control routine, and the throttle plate 
control routines are enabled in a substantially immediate 
manner (as opposed to only once a specified engine speed 
threshold is met in the case of the normal start). This im- 
mediate enablement allows combustion to occur within 



the engine 24 in order to assist the engine 24 in attaining 
the target speed specified by the VSC 46. As in step 90, 
unique calibration variables (whether scalar, functions, or 
lookup tables) may be used for scheduling the fuel 
amount, spark timing, and throttle plate position for the 
purpose of starting or activating the engine combustion 
process while substantially minimizing exhaust emissions. 
In addition, step 94 includes the task of setting a flag in- 
dicating that an abnormal engine 24 starting event has 
occurred (i.e., the engine starting process did not follow 
the ideal speed profile 114). 
[0046] At the conclusion of each of the steps 90, 94, the fuel in- 
jectors 13 have been turned on and the appropriate 
amount of fuel, spark timing, and throttle plate position 
has been scheduled to begin or initiate engine combus- 
tion. The next task, in step 96, is to determine whether 
the engine is running or activated (i.e., creating combus- 
tion torque). 

[0047] \f t j n step 95 j t h e engine 24 is running (e.g., combustion 
is occurring within the engine), then the CESR logic 70 
process moves to step 98 where a flag is set indicating 
that the engine 24 is running and the fuel amount, spark 
timing, and throttle plate position are then scheduled us- 



ing a different set of calibratable scalars, functions, or 
lookup tables, with the purpose of minimizing exhaust 
emissions by rapidly or quickly heating the catalytic con- 
verter 7 to the temperature where it is relatively and 
highly efficient in converting the exhaust emissions from 
the engine 24. Such strategies are described within the 
737 patent and include, by way of example and without 
limitation, varying the proportion of fuel injected in the 
intake stroke and the expansion stroke to achieve an in- 
crease in the temperature of the catalytic converter 7. For 
example, the amount of fuel injected during the intake 
stroke may be reduced to approximately 80% of the total 
amount to be injected and the amount of fuel injected 
during the power stroke may be increased to approxi- 
mately 20% of the amount to be injected in order to in- 
crease the temperature of the exhaust gas components 
and to rapidly heat the catalytic converter 7. These cali- 
bratable scalars, functions, or lookup tables therefore 
serve the purpose of maintaining engine combustion as 
opposed to the previous set of unique scalars, functions, 
and lookup tables which are used, within step 90, to start 
the engine combustion process, or are used to force the 
engine 24 to run. In addition, a timer is started in step 90, 



step 94, and/or step 96 that monitor the length of time 
that the test for engine running has been in progress and 
is used as a comparison with the engine no start time 
variable value in order to determine whether further time 
should be spent in determining whether the engine has 
been activated. 

[0048] \f f j n s tep 96, it is determined that the engine 24 is not 

running, then the CESR logic 70 process proceeds to step 
100 where the timer is compared to a calibratable thresh- 
old that indicates whether too much time has elapsed 
without the engine 24 running. This threshold violation is 
typically indicative of the existence of the presence of a 
fault which is preventing the engine 24 from making com- 
bustion torque. If this timer exceeds the calibratable 
threshold, then the step 100 is followed by step 99. Alter- 
natively, step 100 is followed by step 96. 

[0049] Once the engine 24 is considered to be running, step 98 
is followed by step 102 in which the CESR process 70 
monitors the temperature of the catalytic converter 7 
(e.g., by measurement or by inference) in order to deter- 
mine when the catalytic converter 7 has reached a tem- 
perature (which is calibratable) indicating that the catalyst 
is at a high level of efficiency. In one non-limiting embod- 



iment of the invention, the catalytic converter temperature 
is inferred by the process which is set forth within United 
States Patent Number 5,540,202 and United States Patent 
Number 5,492,094, each of which are fully and completely 
incorporated herein by reference, word for word and 
paragraph for paragraph. 
[0050] step 104 follows step 102 in which the CESR process 70 
compares the temperature of the catalytic converter 7 to a 
calibratable threshold which is indicative of a high level of 
efficiency. If the temperature of the catalytic converter 7 is 
greater than this threshold, then the CESR process 70 
moves to step 106 where a flag is set indicating that the 
CESR process 70 is done. If the temperature of the cat- 
alytic converter 7 is less than this threshold, then the 
CESR process 70 returns to step 102 to continue monitor- 
ing the temperature of the catalytic converter 7 until the 
temperature exceeds the calibratable threshold. In this 
manner, hydrocarbon emissions are further reduced and a 
smoother operation is achieved with a concomitant effi- 
cient torque transfer to the wheels 42. Further, in step 
106 a flag or variable may be set and provided which sig- 
nifies that a desired engine profile has been achieved and 
the HEV 10 has been activated in a desired manner. 



[0051] The above description and embodiment(s) of the invention 
are provided purely for purposes of example. Many other 
variations, modifications, and applications of the inven- 
tion may be made without departing from the spirit and/ 
or the scope of the inventions as are more fully delineated 
within the following claims. 



